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1. PROBLEM STATEMENT 
Nitrates 
Directive 
(91/676/EEC 
Art. 2(g); 
European 
Commission, 
1991)  
End-of-waste 
criteria (EoW) 
Draft 
• ‘livestock manure’ 
means waste products 
excreted by livestock or 
a mixture of litter and 
waste products excreted 
by livestock, even in 
processed form 
 
• specify when certain 
waste ceases to be 
waste and obtains a 
status of a product (or 
a secondary raw 
material) 
 
1. PROBLEM STATEMENT 
Table 1. Technical requirements for HEAVY METALS 
STANDARD Cd Cr Cu Ni Pb Zn 
mg/kg DW 
Joint 
Research 
Centre 
Proposed limited 
content of heavy 
metals 
1.5 100 200 50 120 600 
VLAREA Standard agronomic 
parameters and 
product standards 
6 250 375 50 300 900 
VLACO Standard agronomic 
parameters and 
product standards 
6 250 375 50 300 900 
Federal 
Standard 
Standard agronomic 
parameters and 
product standards 
6 250 375 50 300 900 
Source: Saveyn, H., and Eder, P., 2014. End-of-waste criteria for biodegradable waste subjected to biological treatment (compost & digestate): 
Technical proposals. European Commission, Joint Research Centre (JRC), Institute for Prospective Technological Studies, 1-312. Edificio Expo. 
c/Inca Garcilaso, 3. E-41092 Seville (Spain), pp. 1-312. 
 
 
1. PROBLEM STATEMENT 
Digestate 
• HEAVY METALS (HM) 
 
Animal manure 
B
io
g
a
s
 
Feed 
HM HM HM 
= essential elements that are required by microorganisms (at low concentrations) 
  = pollution and toxicity (at high concentrations) 
  = non-degradable 
  
2. RESEARCH OBJECTIVE 
Digestate 
• As the organic material of the input streams is broken down during the anaerobic 
process, the concentration of heavy metals expressed on dry weight (DW) basis 
increases 
• Metal concentration in the digestate will depend on the ratio between organic 
matter (OM) and water content of the biomass input (Thewys et al., 2010) 
 
  
Animal manure 
B
io
g
a
s
 
Feed 
• HM concentration √ 
• Dry weight √ 
• Biogas yield √ 
• Assumption:  
1 Nm3 = 1.1 – 1.2 kg CH4, CO2, H2  
• HM concentration  = ? 
Simulation model M1 – Mass reduction Approach 
 
  
3. MATERIAL AND METHODS 
  
Semi-contionuos biogas 
test (435 days) 
Energy crops DW (%) = 29 
5.9 mg Cu kg-1 DW 
Digestate 
21 mg Cu kg-1 DW 
 
A) Validation based: 
Van Slycken, S. (2011). The use of energy crops on metal contaminated sandy soils. PhD thesis, 
Faculty of Bioscience Engineering, Ghent University, Ghent, Belgium. 168 p. 
BP = 195 Nm3 ton-1 FW   
Input = 1000 kg FW 
          = 290 kg DW 
          => 1.711 g Cu 
BP = 195 * 1.1 = 214.5 kg DW 
Up-concentration factor ( lab data) = 3.6
   
 
Output => 75.5 kg DW 
=> 22.7 mg Cu kg-1 DW 
 
Up-concentration factor (model)  = 3.8 
 
B
io
ga
s 
3. MATERIAL AND METHODS 
  
Plant A (co-digestion) 
 
Plant B (mono-digestion) 
Pig manure (15%) 
Food waste (85%) 
Cattle manure (100%) 
B) Validation based on sampling products and lab data: 
• Sampling: March – April  
• Physicochemical characterization (DM, OM, N, P, K, S, pH and EC) and heavy metal (Al, Cd, Co, 
Cr, Cu, Fe, Mn, Ni, Pb, Zn) content  
• Biogas batch test 
4. RESULTS: laboratory data 
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Figure 1. Heavy metal content (mg kg-1 DW) 
in feedstock and digestate from biogas 
plant A (BP(A)) and B (BP(B)) in March (S1) 
and April (S2) 
4. RESULTS: laboratory data 
Figure 1. Heavy metal content (mg kg-1 DW) 
in feedstock and digestate from biogas 
plant A (BP(A)) and B (BP(B)) in March (S1) 
and April (S2) 
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4. RESULTS: lab data vs model M1 
Figure 2. Comparison of differences in up-concentration factor between M1 and laboratory data (LD) 
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4. RESULTS: model M2, M3, M4 
• M2-Theoretical Biogas Yield Approach based on biodegradation factor (Bdf; 81% 
for food waste and 45% for animal manure) 
 
Plant A (co-digestion) 
 
Plant B (mono-digestion) 
Pig manure (15%) 
Food waste (85%) 
Cattle manure (100%) 
• M3-Dry matter Approach 
• M4-Power generation Approach based on energy production and known electrical 
efficiency of engines (40% for plant A and 22.5% for plant B) 
 
4. RESULTS: model M2, M3, M4 
• M1-Mass reduction Approach based on biogas batch test  
• M2-Theoretical Biogas Yield Approach based on biodegradation factor (Bdf; 81% 
for food waste and 45% for animal manure) 
• M3-Dry matter Approach 
• M4-Power generation Approach based on energy production and known electrical 
efficiency of engines (40% for plant A and 22.5% for plant B) 
Biogas Plant M1 M2 M3 M4 
BP (A) S1 178 130 148 144 
BP (A) S2 132 99 66 144 
BP (B) S1 26 32 15 22 
BP (B) S1 30 32 17 22 
Table 2. Estimated Biogas Yields (Nm3 ton-1 FW) by Simulation Models 
4. RESULTS: model M1, M2, M3, M4 
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Figure 3. Comparison of differences in up-concentration factor between M1, M2, M3, M4 and 
laboratory data (LD) 
M3 > M2 > M1 > M4 
CONCLUSION 
  • The compatibility between simulation models and laboratory data ranged 
in following order: M3 > M2 > M1 > M4 
• The simulation result is highly influenced by : 
a) the input stability: co-digestion versus mono-digestion 
b) the input streams and their metal content 
c) the exterior inputs and their metal content (eg. Fe) 
 
 
 
 
 
• From legislative point of view: acknowledgment of the mass reduction and 
consequent up-concentration of heavy metals 
• From practical point of view: biogas owner should be aware of heavy 
metal content in input streams and exterior inputs 
 
 
 
 
 
• Future perspectives: focus on individual input streams and their 
characteristics 
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